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ilata \arere generated \vhictl can be used by mission planners foe prcl'imina1.y 

vehicle .  s tage  s i zi ng f o r  unmdnned planetary sample return missions. These rni ss ions 
a r e  characterized by an outbound leg (ear th  t o  planet)  de l iver ing  an outbound psy- 

load and an inbound leg (p lane t  to  ea r th )  de l iver ing  an inbound payload. The 
energy requirenlents can be asymmetric; t h a t  i s ,  the  outbound veloci ty  requirement 

, i s  not necessar i ly  equal t o  the inbound veloci ty  requirement. 

Outbound s tage weight (wsOUT,) and inbound s tage  weight (WsIN) were ca lcu la ted  

f o r  a range of values o f  inbound and outbound payloads (PIN and P O ~ T )  and inbound 

and outbound veloci ty  requirements (AVIN and AVOUT). POUT was varied from 5,000 
t o  60,000 pounds, P I N  ranged from 1,000 to  10,000 pounds, AVOUT ranged from 11,000 

- t o  24,000 f e e t  per second, and A V I N  ranged from 4,000 t C ;  30,000 f e e t  per second. 

. A  TRW Timeshare System program was wr i t ten  t o  generate the da ta .  The data  a r e  

presented in  figu'res grouped a t  the end of t h i s  repor t :  
i! i 

DISCUSSION I .  

, 8 ; 1 . ;  

A typical unmanned planetary sample re turn  misj'i'oh i s  depicted i n  the following 
. . i  1 l u s t r a t i on  , '  ii,;i I Mars . ; : , ( ; I  

Inbound Payload 

Inbound Stage 
Outbound Pay1 oad 
Outbound Stage 

' :: 

,.. , . 



The bas ic  elements o f  t h i s  mi.ssion are:  t he  outbound stage, payload, and 

ve loc i  t y  requirement; and the inbound stage, payload, and v e l o c i  t y  requirement.  

I t  should be noted t h a t  the outbound payload i s  n o t  de f ined  t o  i nc l ude  the inbound 

veh i c l e ;  the  sum of these w i l l  be r e f e r r e d  t o  as the t o t a l  outbound payload. The 

outbound payload could  i nc l ude  an o r b i t e r ,  a ' lander ,  and a stage f o r  t he  p l a n e t  

su r face- to -o rb i  t ascent phase. 

I t  should a l s o  be noted t h a t  the  v e l o c i t y  requirements a r e  t o t a l  requirements 

f o r  each l e g  o f  t he  miss ion.  For  example, the  outbound v e l o c i t y  requirement cou ld  

i nc l  ude trans-Mars i n j e c t i o n ,  midcourse maneuvers, and Mars o r b i  t i n s e r t i o n  p l u s  

, any o the r  maneuvers which would poss ib l y  be performed by t he  outbound p ropu l s i ve  
veh ic le .  

METHOD AND EQUATIONS 

The problem i s  ' to  detertnine space v e h i c l e  stage s izes  f o r  outbound and inbound 
I 

l egs  o f  space miss ions def ined by payload and energy requirements.  1. 
[ .: 

The i n ~ p u l s i v e  v e l o c i t y  increment imparted t o  a space v e h i c l e  i s  de f ined  by the  i 
!. 1, i 

i g e a l  r o c k e t  equat ion 
I , 1.:. 

where : 2 
go = e a r t h ' s  acce le ra t i on  o f  g r a v i t y  a t  sea l e v e l  ( f t i s e c  ) 

1.. = s p e c i f i c  impulse (see) 
SP 

W b  = i n i t i a l  v e h i c l e  weight  ( l b )  
. I  I .  

= f i n a l  v e h i c l e  weight  ( l b )  y .,,, . i' , , 

g i ven  miss ion  energy ( A V )  requ i  remerh ' the r equ i r ed  mass. r a t i o  can then . For a 
. , 

8 be w r  i t t e n  as 



The i n i t i a l  veh i c l e  weight i s  g iven b y  the  expression , . 

..No = K+Ws 

where: K = v e h i c l e  pt&load ( l b )  

WS = stage weight  . . ( I b )  = weight  of p r o p e l l a n t  + i n e r t  s tage weight  

. The f i n a l  veh i c l e  weight  i s  g iven  by t h e  expressiot. 

where: - weiqht  o f  p r o p e l l a n t  A = p r o p e l l a n t  f r a c t i o n  - stage weight  

hence t h e  niass r a t i o  can be w r i t t e n  as 

and so l v i ng  f o r  the stage weight  r e s u l t s  i n  t he  express ion 

By spec i f y ing  K, bV,gO, I and A ;  equat ion (6 )  can be used t o  so l ve  f o r  
SP '  

t he  requ i red  stage weight.  The appropr ia te  va lue o f  A can be fbund f rom a  

sca l i ng  law which re l a tes '  WS and r .  Th i s  s c a l i n g  law (see Table 1 ) -was  

i n p u t  t o  the Timeshare program i n  t a b u l a r  form, hence the problem became 

one o f  i t e r a t i n g  f o r  a  va lue o f  Ws which s a t i s f i e s  bo th  equat ion (6)  and ' t h e  
1.  

sca l i ng  law. .-, , , , , 

The inbound mass r a t i o ,  where PIN = ttj can be expressed as. 



CJ 
Siw i  l a r l y ,  t h e  outbound Inass r a t i o ,  where PI14 i- \#IsIN t POUT = K,  can be 

, .  expressed as 

Note t h a t  t he  inbound and outbound I ' s  need n o t  be t h e  same and t h a t  sp - -  

A w i l l  v a r y  depending on s tage  w e i g h t .  

R e s u l t s  --- 

A t y p i c a l  p l o t  o f  t h e  d a t a  i s  i l l u s t r a t e d  below. 

I 

WsOUT 

F i g u r e  ( a )  WsOU,. VS WS 
I N  ' 

These a r e  p l o t s  o f  o !~ tbound  s t a g e  w e i g h t  (UsOUT) versus  inbo,und s Lage w e i g h t  

(WsIN) f o r  s p e c i f i e d  va lues  o f  outbound pay load (Pou-r) and inbound pay load  (PI!{) 

- wi t h  t h e  ou thoiind v e l o c i  t y  r e q u i  renient ( AVOUT) and t h e  inbound v e l o c i  t y  r q u i  r e -  

ment ( i i V i ~ )  as t he  parametersk The AVIN cu rves  a r e  v e r t i c a l  l i n e s  s i n c e  IdsIN, 

as c a l c u l a t e d  f r o m  e q u a t i o n  ( 6 ) ,  i s  a f u n c t i o n  of :!III, q r j ,  and AVIR w l i i c i ~  a r e  

cons tan t  a lo i l g  any g i v e n  l i n e .  The V C ) ~ I T  curves  a r e  n o t  s t r a i g h t  l i n e s  s i n c e  . 

L ~ J s ~ ~ ~ ,  as c a l c u l a t e r l  Cro:ti q u a i o i l  ( 6 ,  i s  a f u n c t i c n  o f  t h e  v a r i a b l e s  WsTN 
and XOUT as we1 1 as t i i b  cons tan t s  i1(JJ1'., ~ V O I J T ,  2nd 1 ' 1 ~ .  T h i s  i s  t.o say t h a t  

UsIh! and PIN are, p a r t  o f  t h p  t o t i i l  uu tbou t~ i l  r m  pr 'opu ls ive   weight.(^^^^ t PIN 

t T h i s  b r i n g s  u p  t h e  p o i n t  t h o t  a l l  of  t he  curves  p l o t t e d  a t  t h e  end of 

th . is  r e p o r t ,  2nd nf - - t i i e forsa t  .. i l l u s  t ra ted  i r! F' igure ( a ) ,  a r e  exce rp ts  ,> of one 
;, ': 
_ I  r 

. ,  
mastci- p l o t  a s '  i ' l  ' l ~ ~ ; t r a t e r i  Irclqw. I . ,. I_ . . -  a ,  ., - ,> 

. ,, . . -  
, ., 

%% . -' . 'W -,;, ., .. . wrm ~i.', . - - . :i' . , - 
. . 8.- - 

" ' . . (  . . A :  . ,;% .e>. J*? 

. . . ~ .; ..*, .. . . - !s-., - . -,.--- - % - '  a" 
7. 



Figure (b )  Master Plot  

The curves eseanate fro~n the origin of the coordinate system. I f  A O U T  were 
a  constant, these curves would be s t r a igh t  l ines  with a  slope of ~SOUT/(pOUT 

PIN + WsII;) 
I f  one now se lec t s  values fo r  POUT and PI({, a coordinate system can be  defined 

fo r  1 . 1 ~ ~ ~ ~ ~  versus WsIN whose origin w i  11  be displaced fro111 the POUT + P I N  + WslN 
- .. . 

origin by the amount POUT + PIN (see  dashed l i n e  i n  Figure ( c ) ) .  

. , t. .I . " '  

Figure (c )  w ~ ~ ~ ~ ,  vs o n  ~ a s t " ;  ,, plot  , . * . ,  - -. h. . : q. d-s .sLi.,8:, :.:A+, :"-I: 
, . 

1(., 

,: . 

,. . . /j I'  ., . ' ," I. .. - . - .-;,. &.. . **  a _.,- , --.- ., ,. .. . ..:.. "" 3 ,,, * .. . . .... " . .... -:4 .A ..d%* ' 
. 'I, I 



~ s s o c i a & d  values of AV can be drawn, and the r e s u l t i n g  WsOUT versus WsIN p l o t  I N  
i n  F igure ( c )  i s  i d e n t i c a l  t o  the WsOUT versus WsIN p l o t  o f  F igure  ( a )  f o r  the 

respec t i ve  values o f  POUT and PIN. \ 

Data  were generated f o r  a1 1 combinations o f  the  f o l l o w i n g  values o f  i n p u t  

parameters. 

20, GOO 4,000 18,000 

20,008 6,000 20,000 

40,000 . 8,000 22,000 

50,000 10,000 ' 24,000 

60,000 

; F igures 1  through 42 are p l o t s  o f  the  data f o r  the  42 combinations o f  the  values o f  

POUT and PJM shobn above. 
Although the  curves were generated f o r  a  value o f  I equal t o  460, they can , 

SP 
be used f o r  s i z i n g  veh ic les  w i  t h  o the r  values o f  I 

S P '  
For example, .if i t  i s  

des i red  t o  f i n d  a stage weight  f o r  a  v e h i c l e  w i t h  an I equal t o  460 and a A V  
SP 

equal t o  20,000, the appropr ia te  A V  t o  r e f e r  t o  on the  p l o t  would be: 

SUMMRY 
b 

Diltd w c w  generated which can be used t o  determine outbound and inbound stage 

weiGht requ i  ;,~aen t s  Tb:. spec i f i e r !  values o f  p l ane ta r y  sample r e t u r n  ~ n i s s i o n  payload 
L 

- 
- - -  and . .. etiergy ( A V )  requ i  t-cments. l'he di i ta  were ca l cu l a ted  by impleinenti ng an i t e r a t i v e  

techniqke cr: the TRW Tinleshare system:' Th is  r e p o r t  conta ins p l o t s  of. outbound stage , 

0 wi y h t  ve r su i  i,nfioutid s taye weight  f o r  42 combi na'kions o f  outbound 
1 .  , .. : 

requ i  reii lcnts. 

:. .: 
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I. Sca1,ing Law 

Propellant Fraction ( A )  
Stage S i z e  ( W S )  

0 

10,000 

3O,OOO 

40,000 

50,000 

60,000 

70,000 

80,000 

90,000 

100,000 

150,000 

200,000 

250,000 

300,000 

350,000 

4OO,OOO 

5OO,OOO 

f;po ,000 
7OO,OOO 

1,000,000 

100,000,000 

a 

. . 
*.A- 

ISp = 306 I,, = 383 I,, :- ,460 
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OUTBOUND STAGE WEIGHT (1000 POUNDS) 
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